###### Strengths and limitations of this study

-   We studied a large representative cohort of patients and their physicians allowing us to assess the consequences of infrequent but very serious adverse events of colonoscopy, a frequently recommended screening procedure.

-   We used a longitudinal study design with time-varying exposure variables to adjust for patient and physician factors in our longitudinal data.

-   Limitations included our focus on Americans aged 65 years and older, the possibility of misattribution of patients to physicians and the lack of direct information about physicians' and patients' decision-making processes.

Introduction {#s1}
============

A physician's recommendation is an important determinant of whether a patient undergoes recommended screening and preventive testing such as colorectal cancer screening.[@R1] Traditionally, cancer screening is a core component of primary care, and adherence to screening recommendations is a key quality indicator for primary care physicians and practices. Colorectal cancer screening is particularly effective, and expanded screening is credited as contributing to at least some of the declining incidence and mortality from this condition.[@R4] The United States Preventative Services Task Force recommends screening for colorectal cancer for adults beginning at age 50 for average-risk individuals.[@R6] Although there are several accepted methods for colorectal cancer screening, including annual faecal occult blood screening and flexible sigmoidoscopy every 5 years, most primary care physicians and gastroenterologists favour colonoscopy as the preferred method of screening.[@R7] Colonoscopy, however, has potential risks, which have been increasingly highlighted by guideline panels. These risks include complications from the procedure,[@R8] as well as the possibility of false positive tests and overdiagnosis and overtreatment.

Evidence suggests that psychological biases can distort treatment decision-making relative to a traditional utility maximisation reference.[@R9] The availability heuristic is one such bias wherein events that are recent, vivid or easy to imagine are readily 'available' to memory and are therefore judged to be more likely to occur than would be expected based on epidemiological data.[@R10] Yet, few data are available that quantify the impact of such biases on physician decision-making and the care that is delivered to patients. Two prior studies have provided some evidence for the effect of availability bias on diagnostic judgements, but these studies were small and limited to resident physicians.[@R11] Expanding the evidence base regarding the rational and non-rational forces driving physician behaviour will help to identify specific types of clinical decisions that might be influenced by such biases, which could allow physicians and organisations to design interventions to overcome biases when they are likely to occur. In addition, such data could help to identify opportunities for improving physicians' understanding of clinical evidence and how that evidence is shared with patients making decisions about care.

We used administrative data from the US Medicare programme for beneficiaries and their physicians from 2005 through 2010 to assess for empirical evidence of cognitive bias in colorectal cancer screening. Specifically, we examined if the occurrence of a serious complication of screening colonoscopy among a primary care physician's patients influenced colonoscopy rates among the physician's other patients in subsequent months. We hypothesised that screening rates for physicians' patients would decrease in the period following experience with a patient having a serious adverse event. We next assessed if any effects of serious adverse events of screening on future screening differed for patients in a physician's panel who were older (vs younger) since the relative ratio of benefit to harm of colonoscopy screening is lower for patients older than 75 years and current guidelines recommend against routine screening for this group.[@R6] We hypothesised that effects would be greater for a physician's older patients. We also assessed if the effects differed by physicians' experience in practice, hypothesising that younger (less experienced) physicians may be more impacted than others by a serious adverse event. Finally, we assessed if the serious adverse event changed screening behaviours for other primary care physicians within that primary care physician's practice as might be expected if physicians shared experiences of adverse events with their colleagues. We hypothesised that if overall effects were large, there may be similar but smaller effects among peers.

Methods {#s2}
=======

Data and subjects {#s2a}
-----------------

We used 100% Medicare data from the inpatient, outpatient and carrier files for this analysis. Medicare is the national health insurance programme for Americans aged 65 years and older. We studied care for patients living in 50 hospital referral regions in the USA during 2005--2010; the regions were randomly sampled with probability proportional to their size; we also included the Boston hospital referral region. We identified all patients aged ≥65 years who were continuously enrolled in parts A and B of fee-for-service Medicare for at least 1 year (or until death if \<1 year) during the study period.

Because our focus was on screening behaviours of physicians for patients they treated, we assigned all patients to a physician for each month during 2006 through the end of 2010 based on the plurality of office visits for primary care services in the 2 years preceding that month.[@R13] This strategy is similar to attribution algorithms used to assign patients to physicians in US Accountable Care Organizations. We assigned patients to physicians based on 2 years of data to provide more stable patient panels and to account for patients ageing into or leaving fee-for-service Medicare or dying. We weighted physician visits from the more recent year 0.67 and from the earlier year 0.33. For example, for January 2007, the algorithm assigned patients to a physician using claims from February 2005 through January 2007, with visits during February 2005--January 2006 weighted 0.33 and visits from February 2006 to January 2007 weighted 0.67. The algorithm uses evaluation and management codes for face-to-face office visits and first assigns patients to generalist physicians (internal medicine, family practice, general practice, geriatrics); patients with no visits to generalists physicians were assigned to other medical specialists who might plausibly serve as their primary care physician. We assessed physician specialty based on the specialty code on the submitted claims, which may best reflect the type of care that they delivered to patients at that visit.[@R14] We then focused analyses on primary care physicians (the generalist specialties described above) and medical specialists who may be providing primary care (cardiology, pulmonary, nephrology, infectious disease, endocrinology and rheumatology; we did not include gastroenterology to avoid including physicians who may also be performing a patient's colonoscopy). In preliminary analyses, findings were similar when including only primary care physicians.

Among 45 652 physicians to whom patients were assigned from 2005 to 2010, we excluded 14 323 physicians with fewer than 25 Medicare patients assigned to them in any month (based on the assignment algorithm over the 2-year window described above) and an additional 625 physicians were excluded by focusing on care during 2006--2010. The final cohort included 5 360 191 patients assigned to 30 704 physicians.

We obtained information about physician age and sex from the American Medical Association Physician Masterfile. For each physician, we also identified peer physicians who were working in the same practice based on the tax identification number used for billing; we considered all other physicians billing under the same tax identification number as peers whose practice decisions might be influenced by their colleagues' experiences and behaviours. We assigned 1.0% of physicians who submitted claims under more than one tax identification number to the tax identification number for the first claim they submitted during the calendar year.

Identifying colonoscopy and serious complications associated with colonoscopy {#s2b}
-----------------------------------------------------------------------------

We identified all patients who underwent screening or diagnostic colonoscopies in the outpatient setting (Medicare place of service codes 22, 24, 49) using procedure codes included in the online [supplementary appendix table](#SP1){ref-type="supplementary-material"}.[@R8] If patients had more than one colonoscopy in a 1-year period, we only included the first occurrence. Prior work has examined complications of colonoscopy leading to emergency department visit or hospitalisation within 30 days of the procedure.[@R8] But primary care providers may be unaware of relatively minor complications that may not come to their attention. Therefore, in this analysis, we focused on two serious complications that were highly likely to be associated with the colonoscopy and of which the primary care provider would very likely be aware: gastrointestinal bleed or perforation within 14 days of the colonoscopy that led to hospitalisation or death (online [supplementary appendix table](#SP1){ref-type="supplementary-material"}).
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###### Supplementary Appendix 1

For each physician in each month from January 2006 through December 2010, we calculated the number of colonoscopies and the colonoscopy rate, defined as the number of colonoscopies that his/her assigned patients had in that month divided by all patients assigned to that physician in that month. We also identified each month during which a physician had a patient that experienced a serious complication.

Patient involvement {#s2c}
-------------------

The research protocol was approved by the Harvard Medical School Committee on Human Subjects (\#23686). Patient consent was not obtained because our data, which were previously collected for billing purposes, did not include patient identifiers. Patients were not involved in the study design, although we studied a common procedure that most older Americans have been asked to consider for colorectal cancer screening.[@R7]

Analyses {#s2d}
--------

We used a longitudinal study design with time-varying exposure variables to understand the impact of colonoscopy complications on future screening behaviours. This is akin to a difference-in-differences design in that we examined care with 5 years of longitudinal data, physicians served as their own control during months prior to any adverse event; physicians who had no adverse event in any month (84% of physicians) also served as controls. We used fixed effects Poisson regression with a logarithmic link function to model the expected number of colonoscopies in each month during the study period. The models included fixed effects for each physician as well as indicator variables for each of the 60 study months (which adjusts for differences over time and/or seasonal differences in colonoscopy use) and four time-varying indicator variables reflecting the presence or absence of a colonoscopy adverse event in each of the four quarters before the month of interest. We also included the number of patients assigned to each physician in that month as the Poisson offset variable; this effectively serves as a denominator for the dependent variable (number of colonoscopies in a month), allowing us to interpret model coefficients as estimates of the change in the rate of colonoscopies among a physician's assigned patients. Because a patient will have at most one colonoscopy per quarter, the rate is essentially the proportion of all assigned patients who receive a colonoscopy per quarter.

In a second set of models, we conducted stratified analyses for patients aged 65--74 and 75 years and older to assess if effects of an adverse colonoscopy event on future colonoscopies varied for younger versus older patients since for older patients the benefits of colonoscopies may be less and the risk of adverse events greater. We also ran a single model to test the statistical significance of the age group interaction.

In a third set of models, we stratified analyses by physician age (as a proxy for experience/years in practice) above or below the median to assess if effects of a serious adverse colonoscopy event were more pronounced for younger (less experienced) physicians. We also tested the statistical significance of the physician age interaction.

In a fourth model, we restricted to the 5513 practices with more than one physician in our cohort and included quarterly indicators reflecting an adverse event in one of the preceding four quarters for each physician as well as a second set of quarterly indicator variables reflecting presence or absence of a colonoscopy adverse event among other physicians practising in the same practice for each of the four prior quarters. This allowed us to assess whether an adverse colonoscopy event among a peer physician in the practice influenced a physician's colonoscopy ordering.

Finally, as a robustness check, we reran our models using the number of mammograms as the dependent variable as a falsification test since colonoscopy adverse events should not have any influence on breast cancer screening. To do this, we assessed if physicians whose patients had an adverse event related to colonoscopy had any temporal changes in their rate of screening mammography among women patients aged 65 years and older (we expected no changes). We identified screening mammography based on procedure codes (online [supplementary appendix table](#SP1){ref-type="supplementary-material"}).

In all models, the repeated (monthly) observations on physicians were accounted for by using generalised estimating equations using the identity as the working correlation matrix. The resulting SEs are robust to the true relationship between the variance and the mean of the outcome variable, which are restrictively assumed to be equal when the outcomes have a Poisson distribution, and to the correlation structure among a physician's observations. Data on physician age and sex were missing for 334 physicians; however, because we included physician fixed effects in models to adjust for physician differences, we did not include these time-invariant variables, and therefore all physicians and patients are included in final analyses. The sponsor had no role in the research.

Results {#s3}
=======

We identified 5 360 191 patients assigned to 30 704 physicians practising in 21 770 practices for which 5513 practices had more than one physician in our cohort. Characteristics of the patients and physicians are included in [table 1](#T1){ref-type="table"}. The mean age of the physicians was 50.5 (SD=11.0); 73.3% were male, and they had an average of 122.5 Medicare patients assigned (SD=121.9). Physicians were observed for a mean (SD) of 42.2 (12.4) months (range=1--49). Among assigned patients, approximately 10 patients had a colonoscopy in any year, consistent with the number expected for a test that is recommended once every 10 years. Overall, 6095 patients (0.1%) experienced a serious adverse colonoscopy event between January 2006 and December 2010; 4864 physicians (16%) had at least one patient with a serious adverse event; 951 (3%) of physicians had two or more patients experience an adverse event.

###### 

Characteristics of physicians in the cohort (n=30 704)

  ---------------------------------------------------------------------------------------------------
  Characteristic                                                                      
  ----------------------------------------------------------------------------------- ---------------
  Physician age in years, mean (SD)                                                   50.5 (11.0)

  Sex (%)                                                                             

   Male                                                                               73.3

   Female                                                                             26.7

  Specialty (%)                                                                       

   Primary care physician                                                             85.0

   Medical specialist                                                                 15.0

  N assigned patients, mean (SD)                                                      122.5 (121.9)

  Age of assigned patients in years, mean (SD)                                        77.1 (2.0)

  Proportion of physicians' assigned patients who are male, mean (SD)                 39.9 (13.7)

  Race/ethnicity of physicians' assigned patients                                      \

   Proportion who are white, mean (SD)                                                83.9 (23.6)

   Proportion who are black, mean (SD)                                                8.9 (18.0)

   Proportion who are Hispanic, mean (SD)                                             3.1 (9.5)

  Hierarchical condition category score of physicians' assigned patients, mean (SD)   1.45 (0.42)

  Yearly number of colonoscopies among physicians' assigned patients, mean (SD)       10.2 (16.6)

  Quarterly number of colonoscopies among physicians' assigned patients, mean (SD)    

   Among all patients                                                                 2.5 (3.4)

   Among patients aged 65--74 years                                                   1.6 (2.2)

   Among patients aged 75 years and older                                             1.0 (1.6)

  Monthly number of colonoscopies among physicians' assigned patients, mean (SD)      0.8 (1.4)
  ---------------------------------------------------------------------------------------------------

Patient and physician characteristics and characteristics of physicians' patients were calculated for each month that they were in the data set (physicians) or were attributed to a physician (patients) and averaged over all months that they were observed. Data on physician age and sex were missing for 334 physicians.

In models with physician fixed effects, the estimated number of colonoscopies among physicians' patients following an adverse colonoscopy event was significantly lower by 2.1% (95% CI −3.4 to −0.8) in quarter 2 following the adverse event ([table 2](#T2){ref-type="table"} and [figure 1](#F1){ref-type="fig"}), before returning to the number that would be expected in the absence of an adverse event. In stratified analyses comparing physicians' patients aged 65--74 years versus aged 75 years and older, the association of an adverse colonoscopy event was generally similar to our primary model ([table 2](#T2){ref-type="table"}), and the interaction of quarter following an adverse colonoscopy event by patient age group was not statistically significant (p for interaction=0.15). In stratified analyses comparing younger versus older physicians, the association of an adverse colonoscopy event with fewer subsequent colonoscopies was observed only for younger physicians (p for interaction=0.007, [table 2](#T2){ref-type="table"}). When assessing for peer effects, there was no detectable decrease in the colonoscopy rates among other primary care physicians in the physicians' practices (all p\>0.15) ([table 2](#T2){ref-type="table"}).

![Percentage change and 95% CI in quarterly number of colonoscopies among physicians' patients following an adverse event experienced by a physician's patient.](bmjopen-2016-014239f01){#F1}

###### 

Change in quarterly number of colonoscopies among physicians' patients following an adverse colonoscopy event among a physician's patient

                                                                                                                                                 \% change (95% CI)\*      p Value\*
  ---------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- -------------
  *Primary model*                                                                                                                                                          
   Quarter 1                                                                                                                                     −0.7 (−2.0 to 0.7)        0.34
   Quarter 2                                                                                                                                     **−2.1 (−3.4 to −0.8)**   **0.002**
   Quarter 3                                                                                                                                     −0.9 (−2.3 to 0.4)        0.18
   Quarter 4                                                                                                                                     0.0 (−1.4 to 1.4)         1.00
  *Model stratified by patient age (above/below 75 years)*†                                                                                                                
  *Patients 65--75 years*                                                                                                                                                  
   Quarter 1                                                                                                                                     −0.1 (−2.5 to 2.3)        0.91
   **Quarter 2**                                                                                                                                 **−4.3 (−6.6 to −2.0)**   **\<**0.001
   Quarter 3                                                                                                                                     −1.1 (−3.6 to 1.4)        0.39
   Quarter 4                                                                                                                                     −1.6 (−4.0 to 0.9)        0.21
  *Patients\>75 years*                                                                                                                                                     
   **Quarter 1**                                                                                                                                 **−3.4 (−6.0 to −0.7)**   0**.01**
   **Quarter 2**                                                                                                                                 **−2.7 (−5.3 to −0.1)**   0**.04**
   **Quarter 3**                                                                                                                                 **−3.5 (−6.1 to −0.7)**   0**.01**
   Quarter 4                                                                                                                                     −1.1 (−3.8 to 1.7)        0.43
  *Model stratified by physician experience (age above/below median)*‡                                                                                                     
  *Physicians\<50.2 years*                                                                                                                                                 
   Quarter 1                                                                                                                                     −1.2 (−3.3 to 0.9)        0.25
   **Quarter 2**                                                                                                                                 **−5.1 (−7.3 to −3.0)**   **\<**0.001
   **Quarter 3**                                                                                                                                 **−2.4 (−4.4 to −0.4)**   0**.02**
   Quarter 4                                                                                                                                     −0.2 (−2.4 to 2.0)        0.85
  *Physicians≥50.2 years*                                                                                                                                                  
   Quarter 1                                                                                                                                     −0.6 (−2.4 to 1.1)        0.48
   Quarter 2                                                                                                                                     −0.1 (−1.9 to 1.7)        0.93
   Quarter 3                                                                                                                                     0.1 (−1.8 to 2.0)         0.93
   Quarter 4                                                                                                                                     −0.1 (−2.0 to 1.8)        0.91
  *Model including physicians' patients and patients of other physicians in their practice (among 5513 practices with two or more physicians)*                             
  *Physician*                                                                                                                                                              
   Quarter 1                                                                                                                                     −0.8 (−2.5 to 0.8)        0.31
   Quarter 2                                                                                                                                     −2.6 (−4.1 to −1.1)       0.001
   Quarter 3                                                                                                                                     −1.0 (−2.6 to 0.7)        0.25
   Quarter 4                                                                                                                                     0.8 (−0.9 to 2.4)         0.37
  *Physicians' practice peers*                                                                                                                                             
   Quarter 1                                                                                                                                     0.3 (−0.4 to 1.0)         0.39
   Quarter 2                                                                                                                                     0.5 (−0.2 to 1.2)         0.16
   Quarter 3                                                                                                                                     0.0 (−0.7 to 0.7)         0.95
   Quarter 4                                                                                                                                     0.6 (0.0 to 1.3)          0.07

Bolded values reflect statistical significance at two-sided p\<0.05.

\*Using fixed effects Poisson regression to model the number of colonoscopies. Models included fixed effects for each physician and indicators for study month as well as four indicator variables reflecting presence or absence of a colonoscopy adverse event in each of the four quarters before the month of interest. Models also include the number of patients assigned to the physician in that month, which serves as an offset variable allowing an interpretation of the dependent variable (number of colonoscopies) as a rate (number of colonoscopies per number of assigned patients).

†p for interaction=0.15.

‡p for interaction=0.007.

In our falsification test assessing if the expected number of mammograms for a physician's patients changed in the quarters following an adverse colonoscopy event, we found no differences ([table 3](#T3){ref-type="table"}).

###### 

Falsification test: change in quarterly number of mammograms among physicians' patients following an adverse colonoscopy event among a physician's patient\*

  Quarter   \% change (95% CI)   p Value
  --------- -------------------- ---------
  1         −0.4 (−1.2 to 0.3)   0.26
  2         −0.2 (−0.9 to 0.6)   0.66
  3         0.1 (−0.6 to 0.9)    0.74
  4         0.0 (−0.7 to 0.8)    0.95

\*Using fixed effects Poisson regression to model the number of mammograms. Models included fixed effects for each physician and indicators for study month as well as four indicator variables reflecting presence or absence of a colonoscopy adverse event in each of the four quarters before the month of interest. Models also include the number of patients assigned to the physician in that month, which serves as an offset variable allowing an interpretation of the dependent variable (number of mammograms) as a rate (number of mammograms per number of assigned patients).

Discussion {#s4}
==========

Having a patient experience a serious adverse event from colonoscopy was associated with a small and temporary decline in rates of colonoscopy among a physician's other Medicare patients. This finding provides empirical evidence for the influence of notable adverse events on care, possibly due to the availability heuristic. The negative impact is relatively modest for this clinical condition, wherein screening generally is supported by strong evidence; effects could be larger for other clinical conditions. The decline we observed was seen in the second quarter following the adverse event, which is consistent with the lag in obtaining colonoscopy from the time a physician recommends/orders it and it is completed, such that the lower likelihood of referring for screening might not be evident until several months after the adverse event. As more time from the adverse event passed, this effect disappeared, suggesting that more recent experience with no adverse events led physicians to return to their baseline rate of ordering.

The small decline in colonoscopy rates was evident for physicians' patients who were relatively younger (65−74 years) and older (75 years and older), suggesting that the decline was not related to specific consideration of an individual patient's risk of an adverse event (older patients experience less benefit from screening colonoscopy and have greater risks). Rather, physicians seem to have ordered fewer colonoscopies for all patients. Prior work suggests substantial overuse of colonoscopies in patients over the ages of 75 and 85 years.[@R15] Nevertheless, fewer colonoscopies were performed overall among the older versus younger patients, which may reflect physicians' appreciation of the lower benefit of screening in this group. The decline in colonoscopy rates was observed for younger but not older physicians. Younger physicians, with less experience, may be particularly at risk of psychological biases associated with rare events.

We found no evidence of an effect on a physician's peers in a practice (those billing under the same tax identification number), suggesting that the impact of the negative adverse event was not sufficiently great as to influence practice-level discussions about screening. It may be that physicians do not discuss such events or their thoughts about screening routinely with their practice partners. Alternatively, they may have such discussions with a limited group of colleagues, for which our method of identifying practice peers was not adequately sensitive.

Our findings suggest that efforts may be needed to help physicians avoid influences of psychological biases on the care they deliver. Decision-making is complex, and prior work suggests challenges in improving care delivery even after helping clinicians correct inaccurate estimation of the probability an event will occur. For example, one study succeeded in substantially improving clinicians\' prior overestimations of the probability of streptococcal pharyngitis, but the proportion of patients prescribed antibiotics showed a trend towards increasing.[@R17] Nevertheless, expanded use of shared decision-making tools holds great promise in helping physicians avoid cognitive biases in their estimates of probabilities of adverse events. If physicians and patients routinely discuss or review the benefits and harms of tests, procedures and treatments, then the associated probabilities and their expected implications will remain familiar to them. Decision aids can help with making such information easily accessible to patients and their physicians.[@R18]

Our study has several limitations. First, we focused on older Americans enrolled in fee-for-service Medicare; however, we do not expect the results to differ in other populations. We also studied only physicians caring for at least 25 Medicare beneficiaries, thus our findings may not generalise to very-low-volume physicians. Second, our evidence is indirect; we had no information about the physician's decision-making process (including the possible use of decision aids), if the assigned physician was the one who actually ordered the screening test, or the timing of colonoscopy orders for colonoscopies that were received. In addition, we inferred that these primary care physicians learnt about the serious adverse events, but we have no direct knowledge of this; nevertheless, such lack of awareness would tend to bias the results towards the null. We also did not observe colonoscopies that were ordered but not obtained by patients; nor did we observe changes to other screening strategies, such as faecal occult blood testing, which are not accurately identified in administrative data.[@R19] In addition, we were not able to identify precisely patients who required more frequent colonoscopies per current screening guidelines. We therefore relied on the assumption that rates among a physician's panel would be relatively stable over time, consistent with prior studies.[@R20] Next, there may have been some misattribution of patients to physicians, although we do not expect that would create any bias. Also, the relatively few serious adverse events observed, despite being consistent with prior studies,[@R8] limited our power to assess for differences among physicians experiencing multiple adverse events. Finally, we did not attempt to distinguish between screening and diagnostic colonoscopies. While we might expect to see a greater decrease in screening colonoscopies following an adverse colonoscopy event because these may be less necessary, we also might also see a decline in diagnostic colonoscopies, which have higher baseline rates of adverse events. A new algorithm for identifying screening colonoscopies using claims data[@R21] may allow for such distinctions once externally validated.

In conclusion, a physician's experience of a patient having a serious adverse event from colonoscopy was associated with a small and temporary decline in rates of colonoscopy among that physician's other patients that did not vary by the baseline risk of the physician's patients based on age, but was observed primarily for younger physicians, who have less clinical experience. These findings suggest that cognitive bias can lead some physicians to inaccurately interpret the relative harm to benefit ratio. Increased use of tools to enhance shared decision-making with patients may be one strategy to ensure that clinical decisions are based on the best available evidence about benefits and harms.
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